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METHOD FOR IMMOBILIZING 
SELF-ORGANIZING MATERIAL OR FINE 

PARTICLE ON SUBSTRATE, AND 
SUBSTRATE MANUFACTURED BY USING 

SUCH METHOD 

TECHNICAL FIELD 

The present invention relates to a method for immobilizing 
a self-organizing material or ?ne particles on a substrate, and 
a substrate Whereupon the self-organizing material or the ?ne 
particles are immobilized. Speci?cally, the invention relates 
to a method for immobilizing ?ne particles including a 
nucleic acid (for instance, DNA or RNA) or a metal oxide on 
a substrate, and a substrate Whereupon the nucleic acid (for 
example, DNA or RNA) or the metal oxide is immobilized. 

BACKGROUND ART 

In the medical ?eld, there is high expectation for diagnosis, 
treatment or prevention of diseases using genes (gene diag 
nosis). By examining defects or changes in causal genes of 
particular diseases for example, the gene diagnosis alloWs for 
diagnosis, treatment or prevention before onset of disease or 
at early stages of disease. The gene diagnosis also realizes 
What is knoWn as tailor made medicine, Which is based on 
relationships betWeen genotype and disease as revealed by 
human genome analysis. In vieW of this, a further develop 
ment is expected for easy detection of genes and/or easy 
determination of genotypes. 
As a tool for gene detection and/or genotype determina 

tion, a DNA chip (DNA microarray, or more generally nucleic 
acid immobilizing substrate) has been available that is used to 
hybridize a subject sample With nucleic acids immobilized on 
a substrate or a support. The DNA chip is considered to be 
useful in applications including not only basic medical sci 
ence but clinical medicine, drug creation and/or preventive 
medicine as Well. 

The nucleic acid immobilizing substrate is also important 
for the development of nucleic acid-based nanotechnology 
(for example, nano Wires, and nucleic acid-based nano elec 
tronics such as bio-sensors and bio-chips) (see Non-Patent 
Publication 1, for example). 

In detection of nucleic acid based on a hybridization 
method, there has been proposed a method in Which a sample 
containing a nucleic acid (target DNA) complementary to a 
nucleic acidprobe such as a DNA fragment is immobilized on 
a support such as a nitrocellulose ?lm and is alloWed to react 
With the nucleic acid probe in a solution (see Non-Patent 
Publication 2, for example). 
As a method by Which nucleic acids used for the DNA chip 

are immobilized on a substrate, a method is knoWn that 
directly synthesizes a nucleic acid probe on a substrate (see 
Non-Patent Publication 3, for example). As another method 
of immobilizing nucleic acids on a support, there has been 
knoWn a method in Which a nucleic acid probe is immobilized 
on a support after it has been prepared beforehand (see Non 
Patent Publication 4, for example). 

In another knoWn method, a solid-phase support that has 
been surface-treated With a silane coupling agent including 
functional groups such as an amino group or an aldehyde 
group is covalently bonded to a nucleic acid probe having 
modi?ed functional groups, after spotting With a DNA chip 
fabricating device (see Non-Patent Publication 5). 

Speci?cally, the folloWing methods have been knoWn as 
the method of binding a self-organizing material (for 
example, nucleic acid) on a solid surface: A method in Which 
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2 
a substrate surface is treated With silane to introduce therein a 
vinyl group that can bind to the nucleic acid molecule (see 
Non-Patent Publication 6, for example); a method in Which 
nucleic acids are bound to a substrate using counter ions (see 
Non-Patent Publications 7-9, for example); a method in 
Which pH values are chemically controlled to adjust the 
extent of immobilization on various types of substrate sur 
faces (see Non-Patent Publication 10, for example); and a 
method in Which A1203 surface is treated With Na3PO4 solu 
tion to render the surface hydrophilic (see Non-Patent Publi 
cation 1 1, for example). As a technique for removing organic 
impurities from the substrate surface, there has been knoWn a 
method in Which the molecules on the substrate surface are 
modi?ed by an oxygen plasma process Which requires expen 
sive equipment (see Patent Publications 1 and 2, for example). 

In the ?eld of electronics, there has been report that nucleic 
acids shoW strong bonding, similar to covalent bond, With 
respect to aluminum electrodes (see Non-Patent Publication 
12, for example). 

[Patent Publication 1] 
WO97/38801 (published on Oct. 23, 1997) 
[Patent Publication 2] 
Japanese Laid-Open Patent Publication No. 2002-218976 

(published on Aug. 6, 2002) 
[Non-Patent Publication 1] 
Storhoff, J. J. and Mirkin, C. A.: Chem. Rev. 99, 1849-1862 

(1 999) 
[Non-Patent Publication 2] 
Molecular Cloning 2'”. Ed. (Cold Spring Harbor Press) 
[Non-Patent Publication 3] 
Forder, S. P. A. et al, Science, 251, 767-773 (1991) 
[Non-Patent Publication 4] 
Schena, M. et al., Science, 270, 467-470 (1995) 
[Non-Patent Publication 5] 
Geo, Z. et al., Nucleic Acid Research, 22, 5456-5465 

(1 994) 
[Non-Patent Publication 6] 
Bensimon, D. et al., Physical RevieW Letters 74, 23, 4754 

4757 (1995) 
[Non-Patent Publication 7] 
Ye, J. Y. et al., Analytical Biochemistry 281, 21-25 (2000) 
[Non-Patent Publication 8] 
Dunlap, D. D. et al., Nucl. Acid Res. 25, 3095 (1997) 
[Non-Patent Publication 9] 
Lyubchenko, Y. L. et al., Proc. Natl. Acad. Sci. USA 94, 

496 (1997) 
[Non-Patent Publication 10] 
Allemand, J. F. et al., Biophysical Journal, 73, 2064-2070 

(1 997) 
[Non-Patent Publication 11] 
Yoshida, K. et al., Biophysical Journal, 74, 1654-1657 

(1 998) 
[Non-Patent Publication 12] 
Washizu, M. et al., IEEE Trans. Industr. Appl., 31, 3, 447 

456 (1995) 
As an application of the method described in Non-Patent 

Publication 3, there has been knoWn a method in Which a 
nucleic acid probe is synthesized on a glass slide or a silicon 
substrate using a photolithography technique, employed in 
fabrication of semiconductors, in combination With a solid 
phase synthesis technique. A draWback of the on-chip syn 
thesis method, hoWever, is that it requires special equipment 
and reagents for synthesizing a nucleic acid probe on the 
substrate, and that it can synthesize nucleic acid probes of 
only about several ten bases long. 
As an application of the method described in Non-Patent 

Publication 4, a method is knoWn in Which a nucleic acid 
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probe that has been prepared in advance using a DNA chip 
fabricating device is spotted for electrostatic bonding on a 
surface of a solid-phase support that has been surface-treated 
With poly-L-lysine or the like. While such an electrostatic 
bonding method of nucleic acid probe alloWs for immobili 
zation of long nucleic acidprobes, it lacks reproducibility due 
to procedures of hybridization reactions. 

The method described in Non-Patent Publication 5 can be 
used to bond the nucleic acid probe onto a solid-phase support 
relatively ?rmly. However, preparation of nucleic acid probe 
requires the tedious procedures of PCR ampli?cation using 
oligonucleotides With modi?ed functional groups. Further, 
due to di?iculties of the method in preparing a nucleic acid 
probe extending several thousandbases, identi?cation of long 
nucleic acid probes is inevitably dif?cult. 
As described above, as the technique for binding nucleic 

acid molecules on a substrate surface, there have been used 
(1) a method of modifying molecules on a substrate surface, 
or (2) a method of subjecting a substrate surface With a plasma 
process. HoWever, the method employing molecule modi? 
cation requires many steps and large equipment. Likewise, 
the plasma process calls for large-scale equipment and large 
cost. That is, it has not been possible With the conventional 
techniques to directly bind the nucleic acid molecules, both 
easily and inexpensively, on a substrate surface. 

In studying DNA structures and a complex thereof, or 
electrical characteristics of DNA structure, the inventors of 
the present invention found that it Was important to immobi 
lize or extend DNA on an atomically ?at substrate in order to 
rule out the in?uence of substrate structure. Immobilization 
of DNA is Well researched. Mica, glass, gold, and highly 
oriented pyrolytic graphite (HOPG) are commonly used as 
the substrate. Mica and HOPG can be cut very easily to 
provide an atomically ?at substrate. HoWever, cations (for 
example, magnesium ion or nickel ion) are required in order 
to hold molecules on the substrate made of these materials. 
Glass substrates also require surface modi?cation. For 
example, DNA is immobilized using aminopropyl triethox 
ysilane (APS). By coating the glass surface, APS forms a 
positively charged layer With amino groups. The DNA With 
the phosphate groups (negatively charged) around the double 
helix is therefore adsorbed on the substrate by the electro 
static force. Gold particles can be used for DNA With thiol 
ends, because gold can form a covalent bond With the thiol 
group. 

The present invention Was made in vieW of the foregoing 
problems, and an object of the present invention is to provide 
a self-organizing material immobilizing substrate that can 
immobilize a self-organizing material on a substrate surface 
in a controlled manner from loW density to high density, and 
that can be manufactured at loW cost. Speci?cally, it is an 
object of the present invention to provide a method for con 
veniently immobilizing DNA and a method for extending 
DNA Without chemical surface modi?cation (for example, 
APS process) using other molecules, and a substrate fabri 
cated by such methods. It is another object of the present 
invention to provide a method for one-dimensionally arrang 
ing ?ne particles on a substrate surface in a desired shape 
Within a square micrometer. 

DISCLOSURE OF INVENTION 

A method for immobilizing a self-organizing material on a 
substrate of metal oxide according to the present invention 
includes the steps of: 

applying to the substrate an acid solution capable of intro 
ducing a hydroxy group on a surface of the substrate; and 
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4 
applying a solution containing the self-organizing material 

onto the substrate after the acid solution is removed from the 
substrate. 

In a method for immobilizing a self-organizing material on 
a substrate of metal oxide according to the present invention, 
it is preferable that the self-organizing material be a nucleic 
acid, a protein, an amino acid, a lipid, or a sugar. 

In a method for immobilizing a self-organizing material on 
a substrate of metal oxide according to the present invention, 
it is preferable that the metal oxide be A1203, ZnO, TiO2, 
SiO2, ZrO2, SrTiO2, LaAlO3, Y2O3, MgO, GGG, YIG, 
LiTaO, LiNbO, KTaO3, KNbO3, or NdGaO3. 

It is preferable that a method for immobilizing a self 
organizing material on a substrate of metal oxide according to 
the present invention further include the step of drying the 
self-organizing material-containing solution applied to the 
substrate. 

In a method for immobilizing a self-organizing material on 
a substrate of metal oxide according to the present invention, 
it is preferable that the drying step be performed by bloWing 
a dry inert gas or air. 

A method for arranging ?ne particles on a substrate of 
metal oxide according to the present invention includes the 
steps of: 

applying an acid solution to the substrate; 
obtaining a mixed solution by mixing a solution containing 

the ?ne particles With a solution containing a self-organizing 
material; 

applying the mixed solution to the substrate after the acid 
solution is removed from the substrate; and 

drying the mixed solution applied to the substrate. 
In a method for arranging ?ne particles on a substrate of 

metal oxide according to the present invention, it is preferable 
that the ?ne particles have the same charge as the solution 
containing the self-organizing material. 

In a method for arranging ?ne particles on a substrate of 
metal oxide according to the present invention, it is preferable 
that the self-organizing material be a nucleic acid, a protein, 
an amino acid, a lipid, or a sugar. 

In a method for arranging ?ne particles on a substrate of 
metal oxide according to the present invention, it is preferable 
that the metal oxide be A1203, ZnO, TiO2, SiO2, ZrO2, 
SrTiO2, LaAlO3, Y2O3, MgO, GGG, YIG, LiTaO, LiNbO, 
KTaO3, KNbO3, or NdGaO3. 

In a method for arranging ?ne particles on a substrate of 
metal oxide according to the present invention, it is preferable 
that the ?ne particles comprise gold, silver, platinum, palla 
dium, iridium, rhodium, osmium, ruthenium, nickel, cobalt, 
indium, copper, TiO2, or BaTiO3. 

In a method for arranging ?ne particles on a substrate of 
metal oxide according to the present invention, it is preferable 
that the ?ne particles have a particle diameter in a range of 1 
nm to 100 nm. 

In a method for arranging ?ne particles on a substrate of 
metal oxide according to the present invention, it is preferable 
that the drying step be performed by bloWing a dry inert gas or 
air. 
A method for arranging ?ne particles on a substrate in a 

desired shape according to the present invention includes the 
steps of: 

immobilizing on the substrate a substance capable of bind 
ing to a self-organizing material; 

imprinting the sub stance With a mold that has been formed 
With desired irregularities, so as to pattern the substance in a 
desired shape; 
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obtaining a mixed solution by mixing a solution containing 
the ?ne particles With a solution containing the self-organiZ 
ing material; 

applying the mixed solution to the patterned substance; and 
drying the mixed solution applied to the substance. 
In a method for arranging ?ne particles on a substrate in a 

desired shape according to the present invention, it is prefer 
able that the ?ne particles have the same charge as the solution 
containing the self-organizing material. 

In a method for arranging ?ne particles on a substrate in a 
desired shape according to the present invention, it is prefer 
able that the ?ne particles comprise gold, silver, platinum, 
palladium, iridium, rhodium, osmium, ruthenium, nickel, 
cobalt, indium, copper, TiO2, or BaTiO3. 

In a method for arranging ?ne particles on a substrate in a 
desired shape according to the present invention, it is prefer 
able that the ?ne particles have a particle diameter in a range 
of 1 nm to 100 nm. 

In a method for arranging ?ne particles on a substrate in a 
desired shape according to the present invention, it is prefer 
able that the self-organiZing material be a nucleic acid, a 
protein, an amino acid, a lipid, or a sugar. 

In a method for arranging ?ne particles on a substrate in a 
desired shape according to the present invention, it is prefer 
able that the substance be poly-L-lysine or aminosilane. 

In a method for arranging ?ne particles on a substrate in a 
desired shape according to the present invention, it is prefer 
able that the drying step be performed by bloWing a dry inert 
gas or air. 

In a substrate on Which a self-organizing material is immo 
biliZed according to the present invention, the self-organizing 
material binds to a hydroxy group that has been formed on a 
surface of the substrate by acid treatment of the substrate. It is 
preferable that the self-organizing material form a netWork 
structure on the substrate. 

In a substrate on Which a self-organizing material is immo 
biliZed according to the present invention, it is preferable that 
the self-organizing material be a nucleic acid, a protein, an 
amino acid, a lipid, or a sugar. 

In a substrate on Which a self-organizing material is immo 
biliZed according to the present invention, it is preferable that 
the substrate be a metal oxide selected from A1203, ZnO, 
TiO2, SiO2, ZrO2, SrTiO2, LaAlO3,Y2O3, MgO, GGG,YIG, 
LiTaO, LiNbO, KTaO3, KNbO3, or NdGaO3. 

In a substrate on Which a self-organizing material is immo 
biliZed according to the present invention, it is preferable that 
the self-organizing material carry ?ne particles. In this case, 
in a substrate on Which a self-organizing material is immobi 
liZed according to the present invention, it is more preferable 
that the self-organizing material form a netWork structure on 
the substrate, and that the ?ne particles be carried on the 
netWork structure of the self-organizing material in portions 
lying on edges of a step structure on the surface of the sub 
strate. 

In a substrate on Which a self-organizing material is immo 
biliZed according to the present invention, it is preferable that 
the ?ne particles comprise gold, silver, platinum, palladium, 
iridium, rhodium, osmium, ruthenium, nickel, cobalt, 
indium, copper, TiO2, or BaTiO3. 

In a substrate on Which a self-organizing material is immo 
biliZed according to the present invention, it is preferable that 
the ?ne particles have a particle diameter in a range of 1 nm to 
100 nm. 

In a substrate carrying ?ne particles in a desired shape 
according to the present invention, a substance capable of 
binding to a self-organizing material is immobiliZed on the 
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6 
substrate, and Wherein the substance is patterned into a 
desired pattern and carries the ?ne particles. 

In a substrate carrying ?ne particles in a desired shape 
according to the present invention, it is preferable that the ?ne 
particles comprise gold, silver, platinum, palladium, iridium, 
rhodium, osmium, ruthenium, nickel, cobalt, indium, copper, 
TiO2, or BaTiO3. 

In a substrate carrying ?ne particles in a desired shape 
according to the present invention, it is preferable that the ?ne 
particles have a particle diameter in a range of l nmto 100 nm. 

In a substrate carrying ?ne particles in a desired shape 
according to the present invention, it is preferable that the 
self-organizing material be a nucleic acid, a protein, an amino 
acid, a lipid, or a sugar. 

In a substrate carrying ?ne particles in a desired shape 
according to the present invention, it is preferable that the 
substance be poly-L-lysine or aminosilane. 
A method for binding ?ne particles to a self-organizing 

material according to the present invention includes the steps 
of: 

obtaining a mixed solution by mixing a solution containing 
the ?ne particles With a solution containing the self-organiZ 
ing material; 

applying the mixed solution to a substrate; and 
drying the mixed solution applied to the substrate. 
In a method for binding ?ne particles to a self-organizing 

material according to the present invention, it is preferable 
that the ?ne particles have the same charge as the solution 
containing the self-organizing material. 

In a method for binding ?ne particles to a self-organizing 
material according to the present invention, it is preferable 
that the self-organizing material be a nucleic acid, a protein, 
an amino acid, a lipid, or a sugar. 

In a method for binding ?ne particles to a self-organizing 
material according to the present invention, it is preferable 
that the ?ne particles comprise gold, silver, platinum, palla 
dium, iridium, rhodium, osmium, ruthenium, nickel, cobalt, 
indium, copper, TiO2, or BaTiO3. 

In a method for binding ?ne particles to a self-organizing 
material according to the present invention, it is preferable 
that the ?ne particles have a particle diameter in a range of 1 
nm to 100 nm. 

In a method for binding ?ne particles to a self-organizing 
material according to the present invention, it is preferable 
that the drying step be performed by bloWing a dry inert gas or 
an. 

Additional objects, features, and strengths of the present 
invention Will be made clear by the description beloW. Fur 
ther, the advantages of the present invention Will be evident 
from the folloWing explanation in reference to the draWings. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1a is a diagram shoWing an AFM image of A1203 
surface that has been treated With an acid solution and is ?at 
at atomic level: Scale bar 100 nm. 

FIG. 1b is a diagram shoWing an AFM image of SrTiO2 
surface that has not been treated With an acid solution and is 
?at at atomic level. 

FIG. 10 is a diagram shoWing an AFM image of SrTiO2 
surface that has been treated With an acid solution. 

FIG. 2a is a diagram shoWing DNA molecules that Were 
extended under loW concentration conditions on an acid 
treated A1203 substrate: Scale bar 1 pm. 

FIG. 2b is a diagram shoWing a netWork structure of DNA 
that Was formed under high concentration conditions on an 
acid-treated A1203 substrate: Scale bar 1 pm. 
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FIG. 20 is a diagram showing slightly extended DNA mol 
ecules under high concentration conditions on an Al2O3 sub 
strate that Was not subjected to acid treatment: Scale bar 1 pm. 

FIG. 3 is a graph representing a subtractive spectrum of 
infrared measurement performed before and after acid treat 
ment, shoWing that the absorption peak at about 3500 cm“1 is 
due to the hydroxy group on a substrate surface. 

FIG. 4a is a diagram shoWing a ?uorescent image of DNA 
molecules immobiliZed on a surface of an APS-coated glass 
substrate. 

FIG. 4b is a diagram shoWing a ?uorescent image of DNA 
molecules immobiliZed on a surface of an acid-treated Al2O3 
substrate. 

FIG. 5a is a diagram shoWing adsorption of DNA on an 
Al2O3 substrate. 

FIG. 5b is a diagram shoWing adsorption of gold nanopar 
ticles on an Al2O3 substrate. 

FIG. 6(a) is a diagram shoWing arrangements of gold nano 
particles that are formed on anAl2O3 substrate by removing a 
mixed solution of DNA solution and gold nanoparticle solu 
tion applied to the substrate, the mixed solution containing 
DNA and gold nanoparticles at a ratio of about 1:1 (moles of 
DNA/numbers of gold nanoparticles). 

FIG. 6(1)) is a diagram shoWing arrangements of gold nano 
particles that are formed on anAl2O3 substrate by removing a 
mixed solution of DNA solution and gold nanoparticle solu 
tion applied to the substrate, the mixed solution containing 
DNA and gold nanoparticles at a ratio of about 10:1 (moles of 
DNA/numbers of gold nanoparticles). 

FIG. 6(0) is a diagram shoWing arrangements of gold nano 
particles that are formed on anAl2O3 substrate by removing a 
mixed solution of DNA solution and gold nanoparticle solu 
tion applied to the substrate, the mixed solution containing 
DNA and gold nanoparticles at a ratio of about 2:1 (moles of 
DNA/numbers of gold nanoparticles). 

FIG. 6(d) is a diagram shoWing arrangements of gold nano 
particles that are formed on anAl2O3 substrate by removing a 
mixed solution of DNA solution and gold nanoparticle solu 
tion applied to the substrate, the mixed solution containing 
DNA and gold nanoparticles at a ratio of about 0.5 : 1 (moles of 
DNA/numbers of gold nanoparticles). 

FIG. 7a is a diagram schematically shoWing a step struc 
ture of the A1203 substrate, and DNA and gold nanoparticles 
adsorbed on the A1203 substrate using a mixed solution of 
DNA solution and gold nanoparticle solution. 

FIG. 7b is a diagram shoWing an AFM image (1 um><1.2 
pm) of gold nanoparticles arranged on the A1203 substrate 
using a mixed solution of DNA solution and gold nanopar 
ticle solution. 

FIG. 8 is a diagram schematically shoWing processes by 
Which gold nanoparticles are arranged on anAl2O3 substrate. 

FIG. 9 is a diagram shoWing procedures of a fabrication 
method of a self-organizing material patterning substrate 
according to the present invention. 

FIG. 10a is a diagram shoWing a result of observation of 
?uorescent-stained DNA immobiliZed on a speci?c pattern of 
a self-organizing material patterning substrate according to 
the present invention. 

FIG. 10b is a diagram shoWing a result of observation of 
?uorescent-stained DNA immobiliZed on a speci?c pattern of 
a self-organizing material patterning substrate according to 
the present invention. 

FIG. 100 is a diagram shoWing a result of observation of 
?uorescent-stained DNA immobiliZed on a speci?c pattern of 
a self-organizing material patterning substrate according to 
the present invention. 
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8 
FIG. 10d is a diagram shoWing a result of observation of 

?uorescent-stained DNA immobiliZed on a speci?c pattern of 
a self-organizing material patterning substrate according to 
the present invention. 

FIG. 11a is a diagram shoWing a result of observation of a 
mold pattern With square grids. 

FIG. 11b is a diagram shoWing a result of observation of a 
DNA pattern of a substrate immobiliZing DNA on the mold of 
FIG. 11a. 

FIG. 110 is a diagram shoWing a result of observation of a 
pattern in Which rectangular molds are formed in a mold With 
square grids. 

FIG. 11d is a diagram shoWing a result of observation of a 
DNA pattern of a substrate immobiliZing DNA on the mold of 
FIG. 110. 

FIG. 12a is a diagram shoWing a result of atomic force 
microscope observation of a self-organiZing material pattem 
ing substrate before modi?cation With gold colloids. 

FIG. 12b is a diagram shoWing a result of atomic force 
microscope observation of a self-organiZing material pattem 
ing substrate after modi?cation With gold colloids. 

FIG. 13a is a diagram according to a comparative example 
of the present invention, shoWing gold particles adsorbed in a 
substrate When the DNA concentration used to fabricate a 
substrate according to the present invention is doubled. 

FIG. 13b is a diagram according to a comparative example 
of the present invention, shoWing gold particles adsorbed in a 
substrate When the DNA concentration used to fabricate a 
substrate according to the present invention is reduced in half. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

In studying immobilization of DNA molecules on a metal 
oxide substrate treated With an acid solution, the inventors of 
the present invention con?rmed an increase in the hydroxy 
group on the acid-treated metal oxide substrate in an infrared 
analysis performed on the substrate. Further, by observing an 
increase of DNA molecule adsorbed on the acid-treated sub 
strate using an atomic force microscope, it Was found that the 
DNA structure on the substrate Was affected by the concen 
tration of a DNA solution. Concerning the effect of acid 
treatment on DNA binding ability, a comparison Was made 
using a commercially available aminopropyl triethoxysilane 
(APS)-coated glass substrate used to manufacture DNA 
binding substrates. Fluorescent microscope observation of 
DNA adsorbed on the metal oxide substrate had substantially 
the same result as that using the APS-treated glass substrate. 
It should be noted here that the commercially available glass 
(APS glass) With the surface coating for DNA binding has 
NH3+ groups introduced on the surface. This draWs the phos 
phate backbone (negative charge) of the DNA and immobi 
liZes the DNA on the substrate surface. 

The inventors of the present invention found that a self 
organiZing material could be immobiliZed on a metal oxide 
substrate With a hydroxy group introduced on a substrate 
surface by the reaction of the substrate With an acid solution. 
As described above, Non-Patent Publication 1 1 describes a 

method in Which a surface is rendered hydrophilic by the 
treatment of A1203 surface With a Na3PO4 solution. The 
method described in Non-Patent Publication 1 1 is intended to 
improve hydrophilicity by applying a sodium phosphate 
aqueous solution onto the substrate, and this publication sug 
gests that a layer of sodium phosphate is formed on a substrate 
surface. That is, the substrate fabricated by the method 
described in Non-Patent Publication 11 has a surface struc 
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ture that greatly differs from that of the present invention in 
Which “a hydroxy group is introduced on a substrate surface.” 

In one embodiment, the present invention provides a 
method for immobilizing a self-organizing material on a sub 
strate including a metal oxide. In one aspect, a method 
according to the present invention preferably includes the 
step of applying an acid solution to a substrate; and the step of 
applying a solution containing a self-organizing material to 
the substrate after the acid solution is removed. In another 
aspect, the substrate used in the embodiment is preferably 
made of metal oxide. 
As used herein, a “self-organizing material” is intended a 

substance capable of forming a structure by spontaneous 
aggregation of large numbers of molecules (i.e., a substance 
With self-organizing capability). Examples of a self-organiz 
ing material include nucleic acids such as DNA and RNA, 
bio-molecules such as proteins, amino acids, lipids, and sug 
ars, as Well as cells and tissue slices. Nucleic acids (DNA or 
RNA) are preferable. In applying the self-organizing material 
on the substrate, it is preferable that the self-organizing mate 
rial be in the form of an aqueous solution. The concentration 
of the self-organizing material contained in a solution is not 
particularly limited. A concentration range of 10 ng/ul to 10 
ug/ul is preferable, and a concentration range of 150 ng/ul to 
1250 ng/ul used in Examples beloW is more preferable. 
As used herein, the “acid solution” is not particularly lim 

ited as long as it is an acidic solution that does not dissolve the 
substrate (for example, a mixture of hydrogen peroxide solu 
tion and hydrochloric acid solution), and that can introduce 
the hydroxy group on a surface of the substrate used in the 
present invention. 
As used herein, the “metal oxide” is not particularly limited 

as long as it is an oxide of a stable structure. Preferably, the 
metal oxide is selected from the group consisting of: A1203, 
ZnO, TiO2, SiO2, ZrO2, SrTiO2, LaAlO3,Y2O3, MgO, GGG, 
YIG, LiTaO, LiNbO, KTaO3, KNbO3, and NdGaO3. A1203 
(or-A1203 (0001)) is most preferable. 
A1203 has the folloWing advantages over other substrates 

(for example, mica, glass, HOPG): (1) there is a highly estab 
lished method of obtaining an atomically ?at surface by heat 
annealing in air; (2) the surface is very stable even under 
atmospheric pressure; (3) it is optically transparent for visible 
light; (4) it is an electrical insulator; and (5) it is Widely used 
in industry as is SAW element, Which makes it possible to 
obtain a high-quality single crystals at relatively loW cost. 
A1203 therefore has many advantages in practical applica 
tions. 

While the present invention has been demonstrated based 
on examples using A1203 as the substrate, a person ordinary 
skill in the art from the teaching of the present invention Will 
readily understand that the substrate is not limited to A1203 to 
obtain the effects of the present invention, and that desired 
properties and effects can be obtained as long as the substrate 
includes a metal oxide. 

The inventors of the present invention also found that the 
amount of self-organizing material immobilized on the metal 
oxide substrate could be increased by introducing a hydroxy 
group on a substrate surface by the reaction of the substrate 
With an acid solution, and that arrangement of gold ?ne par 
ticles bound to the self-organizing material could be con 
trolled by bloWing a dry inert gas or air When immobilizing 
the self-organizing material. 

In one embodiment, the present invention provides a 
method for arranging ?ne particles on the substrate including 
a metal oxide. In one aspect, a method according to the 
present embodiment preferably includes the steps of: apply 
ing an acid solution onto a substrate; obtaining a mixed solu 
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10 
tion by mixing a solution containing ?ne particles With a 
solution containing a self-organizing material; applying the 
mixed solution onto the substrate after the acid solution is 
removed; and drying the mixed solution applied to the sub 
strate. In another aspect, a substrate used in the embodiment 
is preferably made of metal oxide. In a method according to 
the embodiment, the ?ne particles may have the charge dif 
ferent from that of the self-organizing material or may be 
electrically neutral. Preferably, the ?ne particles have the 
same charge as the solution containing the self-organizing 
material. 
As used in the present invention, the “?ne particles” are 

used interchangeably With “nanopar‘ticles,” and are prefer 
ably made of gold, silver, platinum, palladium, iridium, 
rhodium, osmium, ruthenium, nickel, cobalt, indium, copper, 
TiO2, or BaTiO3. Preferably, the ?ne particles are of the size 
(particles diameter of 1 nm to 100 nm) that can form a col 
loidal solution. 
The inventors of the present invention also found that the 

patterning of self-organizing material developed by the 
inventors Were applicable to the present invention. 

In one embodiment, the present invention provides a 
method of arranging ?ne particles on the substrate in a desired 
shape. In one aspect, a method according to the present inven 
tion includes the steps of: immobilizing on a substrate a 
substance that can bind to a self-organizing material; pattem 
ing the substance in a desired shape by imprinting, using a 
mold having desired irregularities; obtaining a mixed solution 
by mixing a solution containing ?ne particles With a solution 
containing a self-organizing material; applying the mixed 
solution on the patterned substrate; and drying the mixed 
solution applied to the substrate. In a method according to the 
present embodiment, the ?ne particles may have the charge 
different from that of the self-organizing material or may be 
electrically neutral. Preferably, the ?ne particles have the 
same charge as the solution containing the self-organizing 
material. 
As used herein, the “substance that can bind to a self 

organizing material” is not particularly limited as long as it 
can bind to the self-organizing material having self-organiz 
ing capability. Preferably, the substance includes poly-L 
lysine or aminosilane (for example, APS). More preferably, 
the substance is made of poly-L-lysine or aminosilane (for 
example, APS). As used herein, the term “aminosilane” is 
intended a molecule that can bind to the OH group on a 

surface of the substrate (for example, glass, silicon, A1203) 
such that the amino group that binds to the self-organizing 
material (for example, DNA) is presented on the outermost 
surface of the substrate. 

Poly-L-lysine is knoWn to bind to DNA (B. Xu., S. Wiehle., 
JA. Roth., and R J. Cristiano., Gene Therapy (5), 1235-1243, 
1998), and therefore can be suitably used to immobilize the 
self-organizing material (DNA in particular). The degree of 
polymerization of poly-L-lysine is not particularly limited. 
HoWever, since the binding of poly-L-lysine With DNA is 
assumed to occur based on the electrostatic interaction 
betWeen the negative charge due to the phosphate group of the 
DNA and the positive charge due to the protonated amino acid 
of poly-L-lysine, it is preferable that the amino groups con 
stituting the binding sites in the poly-L-lysine be interspaced 
With some distance. Considering this, it is preferable that the 
degree of polymerization be, but is not limited to, about 
20,000. 

Aminosilane is Widely used for immobilization of bio 
substances, and is capable of immobilizing substances With 
self-organizing capability such as proteins, cells, and tissue 
slices, in addition to DNA. Thus, by using aminosilane as an 
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immobilizing layer, the substances With self-organizing capa 
bility can be immobilized on the substrate in any pattern. For 
example, a biotransmission circuit can be formed by arti? 
cially patterning neurons. 
When immobilizing on the substrate a substance that can 

bind to the self-organizing material, it is preferable that the 
substrate be formed With an immobilizing layer including the 
substance that can bind to the self-organizing material, and 
that the immobilizing layer be formed on the substrate by a 
technique such as coating or dipping, in order to reliably 
immobilize the self-organizing material on the substrate. 
When using a patterning technique that employs imprint 

ing, the self-organizing material is not necessarily required to 
be applied in the form of an aqueous solution, as long as the 
self-organizing material can ?ll the recesses of the irregular 
pattern of the immobilizing layer Without being denatured. 
When the immobilizing layer is a thin ?lm, a method of 

forming the thin-?lm layer on the substrate is not particularly 
limited and various conventional methods can be used. For 
example, a spin coating method or dipping method may be 
used. The material of the substrate is not particularly limited 
as long as it alloWs for formation of a thin-?lm layer contain 
ing a material having binding ability. For example, the sub 
strate may be an insulating substrate made of glass, resin, or 
silicon, or may be a semiconductor substrate or a conductive 
substrate. 
By an imprint process, the irregular pattern of the mold can 

be transferred onto the immobilizing layer formed on the 
substrate. The mold has been processed into an irregular 
pattern of a desired shape, and the raised portions of the mold 
are re?ected in the ?nal shape of the self-organizing material. 

The material of the mold used in the present embodiment is 
not particularly limited. Preferably, silicon or silicon dioxide 
is used according to established microfabrication techniques 
(for example, lithography). The mold can be processed by 
methods knoWn in the art. In one preferable method for 
example, a resist (UV-sensitive organic ?lm) is coated on a 
thermally-oxidized silicon ?lm and the resist is patterned by 
directly delineating it With an electron beam, and this fol 
loWed by dry etching using the resist as a mask. 

For the transfer of the irregular pattern of the mold, knoWn 
imprinting techniques (for example, such as thermal cycle 
nanoimprint lithography or photo nanoimprint lithography) 
may be used. 

Temperature, pressure, time, or other conditions under 
Which the irregular pattern of the mold is imprinted on the 
immobilizing layer may be readily decided by a person ordi 
nary skill in the art, taking into account such factors as a 
throughput reduction due to required time for raising or loW 
ering temperature of the immobilizing layer, a change in 
dimensions of the immobilizing layer due to temperature 
changes, accuracy of transfer patterns, and alignment inaccu 
racy due to thermal expansion. 

After the transfer, the mold is detached from the substrate 
to obtain the immobilizing layer With the irregular pattern. 
When thermal cycle nanoimprint lithography is used for 
example, the mold can be detached from the substrate after 
the immobilizing layer has been hardened by loWering the 
temperature of the immobilizing layer. When using photo 
nanoimprint lithography, the mold can be detached from the 
substrate after the immobilizing layer has been hardened by 
irradiation of UV light. 

In one embodiment, the present invention provides a sub 
strate having a self-organizing material immobilized thereon. 
In one aspect, it is preferable in a substrate according to the 
present embodiment that the self-organizing material be 
bound to the hydroxy group that has been formed on the 
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12 
substrate surface by an acid treatment of the substrate. In 
another aspect, it is preferable in a substrate according to the 
present embodiment that the self-organizing material carry 
?ne particles. It is preferable that the ?ne particles be made of 
gold, silver, platinum, palladium, iridium, rhodium, osmium, 
ruthenium, nickel, cobalt, indium, copper, TiO2, or BaTiO3. 
Preferably, the ?ne particles are of the size (particles diameter 
of 1 nm to 100 nm) that can form a colloidal solution. 

In one embodiment, the present invention provides a sub 
strate of a desired shape carrying ?ne particles. In one aspect, 
it is preferable in a substrate according to the present embodi 
ment that a substance that can bind to the self-organizing 
material be immobilized on the substrate, and that the sub 
stance be patterned into a desired shape and carry ?ne par 
ticles. In another aspect, it is preferable in a substrate accord 
ing to the present embodiment that the ?ne particles be made 
of gold, silver, platinum, palladium, iridium, rhodium, 
osmium, ruthenium, nickel, cobalt, indium, copper, TiO2, or 
BaTiO3. Preferably, the ?ne particles are of the size (particles 
diameter of 1 nm to 100 nm) that can form a colloidal solu 
tion. 

When the self-organizing material is nucleic acid (DNA or 
RNA), a substrate according to the present invention can be 
used as a functional conductive material. Nucleic acids (DNA 
or RNA) are functional conductive material With character 
istic energy levels and speci?c properties. When doped in 
DNA or RNA, elements of speci?c species shoW considerable 
changes in their electrical properties. 

In the base portion of DNA, a pigment can be intercalated 
by pai stacking. The base portion of RNA can interact With a 
pigment. Thus, in DNA With an intercalated pigment or RNA 
interacting With a pigment, irradiation of light excites the 
pigment and renders the DNA strand or RNA strand electri 
cally conductive. 

It is therefore possible to use the substrate as a functionally 
conductive material by intercalating a pigment to the DNA 
immobilized on the substrate, or by causing a pigment to 
interact With the RNA immobilized in the patterning substrate 
of the self-organizing material. That is, an optical sWitching 
material can be constructed that emits light according to the 
DNA or RNA pattern arranged on the substrate. 

The pigment is not particularly limited; hoWever, for rea 
sons that DNA or RNA and the photo-excited pigment have 
close energy levels, use of acridine orange is preferable. Rep 
resentative examples of intercalator include: ethidium bro 
mide, octadecyl acridine orange, ferrocenyl naphthalene 
diimide, [3-carboline, anthraquinone, a bisacridine viologen 
derivative, and a Ru complex. 
A substrate according to the present invention can be used 

to prepare a photomask. A photomask refers to a mask blank 
With a patterned image (see Glossary of Technical Terms in 
Japanese Industrial Standards, 5th edition, page 1954, Japa 
nese Standards Association), and an inorganic/ metal material 
as represented by a chrome mask is used therefor. 

When using a substrate according to the present invention 
as a photomask, the self-organizing material as a bio-material 
(for example, nucleic acid such as DNA or RNA) can be 
removed from the photomask at once by a chemical treatment 
using acids or alkalis, or a heat treatment. Thus, With a pho 
tomask using a substrate according to the present invention, 
the DNA or RNA immobilized in any pattern on the substrate 
can be used for microfabrication. Further, by degrading and 
removing the immobilized DNA or RNA after the process, 
the Whole process can be simpli?ed and various improve 
ments, such as improved yield, can be expected. 










